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HPFTP Turbine Aerodynamic Design

The High Pressure Fuel Turbopump (HPFTP) turbine aerodynamic design is
based on the requirements defined by the Interface Control Document (ICD) and
by the Power Balance Model, Table 387B. Performance Table 387B was used for
the turbine aerodynamic design because its turbine flow capacities are
consistent with the baseline turbine nozzle flow test results conducted on
Pratt & Whitney's test stand, E-6, in December, 1986.

A conventional pressure-compounded, 2-stage turbine was chosen because of
its inherent high efficiency over a wide range of steady-state operating
conditions. No exit guide vane is required for the small (18 degrees) exit
swirl angle. The high airfoil gas bending loads in the HPFTP turbine required
thin wall, hollow airfoil sections, with larger moments of inertia, in order to
reduce the airfoil bending stresses. The HPFTP turbine design has a mean
diameter wheel speed of 1482 ft/sec which is compatible with allowable disk and
root attachment stress criteria. This wheel speed also provides a high design
point wheel speed to gas velocity ratio, assuring that there will not be a
significant efficiency loss at minimum power level (MPL) operation. The design
point velocity ratio, (0.55) is conservative, ensuring minimal aerodynamic
risk. The design speed of approximately 36,500 rpm selected for the HPFTP was
primarily set by the pump hydrodynamics. The height of the turbine annulus was
selected to limit the last stage blade root centrifugal stress to 46,000 psi.
This annulus size yielded a favorable exit Mach number of 0.18 and a low exit
swirl angle of 18 degrees, therefore, this rpm was satisfactory to the
performance, stress, and exit Mach number requirements of the turbine.

The methodology associated with the design of the HPFIP starts with the
meanline design analysis. This analysis is based on the assumption that the
flow through the turbine can be represented by the flow at the center of the
flow passage. This simplified approach permits selection of the number of
stages required, the mean diameter of the flow passage, and the annulus area.
Included in the analysis is an estimate of the aerodynamic efficiency. This
prediction system uses the physical laws of aerodynamics and correlations from
rig and engine data to estimate profile loss, secondary loss, blade tip
leakage, and shock and incidence losses based on the geometry and aerodynamic
parameters of the turbine. An interactive graphic flowpath design system is
used, in conjunction with the optimum meanline design, to generate candidate
flowpath configurations.

The streamline design analysis is used to optimize the radial variation in
the velocity triangles, once the average conditions are selected from the
meanline analysis. This analysis calculates the flow characteristics at
numerous radial locations and at the inlet and exit of each airfoil row. Once
the meanline and streamline analyses have been used to optimize the velocity
triangles throughout the turbine, 2 dimensional (2-D) airfoil sections are
designed. These airfoil sections are designed to achieve contours that provide
the desired amount of flow turning without permitting the flow to separate from
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the airfoil surface. This process involves determining the static pressure
distributions and boundary layer parameters along the airfoil surfaces and
endwalls. An interactive graphics airfoil design system is used to identify
adverse static pressure gradients such that the airfoil contour can be modified
appropriately. After the 2-D airfoils are estimated at several spanwise
locations, they are radially faired and combined with a preliminary endwall
definition. An inviscid multi-stage 3-D flow analysis is then used to refine
and optimize the entire flowpath configuration.

All turbine airfoil, endwall, inlet, and exit flow passage surfaces are
contoured and refined as a system. The multi-stage feature enables a complete
evaluation of potential changes to an individual surface contour during the
design process. This assessment includes, not only flow property changes
around the component being modified, but also around all upstream and
downstream components in the complete turbine system. Improved performance and
reduced risk result from this global optimization capability.

This report contains:

o Hot elevation diagrams for each airfoil

o 3-D airfoil plots

o 2-D airfoil section plots

o Tabulated airfoil section coordinates

o A plot of hot gaging dimensions versus radius

o A‘plot of percent change in flow area versus airfoil rotation

o A plot of stress versus span

o 3-D airfoil static pressure distributions

o Airfoil Ps/PT and Mach number contours

o A plot of suction surface boundary layer friction coefficient versus
surface distance
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